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Stray-light control
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Stray-light noise
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Vibration

• Practically critical noise
• Hard to predict
• Took long time to reduce it, but...

Stray-light noise
Displacement of the 
2ndary scatterer

Stray light power to be recombined



Develop the stray light simulation method
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Possibly estimatable by ray trace simulation

Response of the interferometer:
Simulation with another tools

Arm length（3km）

Stray-light noise

Mainly a combination of:
- Ray trace: With off the shelf software (Zemax, 

LightTools,...), it is hard to simulate photons 
behaviors accounting interreference of them.

- Response of the interferometer: need another tools.



Stray-light mitigation in KAGRA
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T. Akutsu, Y. Saito, Y. Sakakibara et al., Opt. Mater. Express 6, 1613 (2016)



Black surface

Information session of KAGRA subsystems and research themes for students
(27 May 2021) 15

400 600 800 1000 1200 1400 1600 1800 2000 2200 2400

Wavelength [nm]

0

1

2

3

4

5

R
efl

ec
ta

nc
e

%

SUS, BA

Al, ECB

Al, not polished

Fig. 3. Measurements of the total reflectances (incidence angle of 8 degrees) of the black
surfaces versus wavelength. Each substrate of the test pieces under the black coatings is
made of stainless steel or aluminum with different degrees of smoothness. Note that the
wavelength of the laser light for the interferometers is 1064 nm.

3.2.1. Total reflectances

Total reflectances, which include the scattered light and the specular reflected light, of the black-
coated test pieces were measured with a spectrometer, SolidSpec-3700 by Shimadzu (Fig. 3).
The spectrometer has an integrating sphere to catch both reflected and scattered light from the
surface under test. The incident angle of the probe light to the test piece is 8 degrees.

For all the kinds of test pieces in Table 1, the measurements show that the total reflectances
are less than 3% at 1064 nm. Of the black coated test pieces in Fig. 3, Al ECB (electro-chemical
buffed aluminum alloy) ones have higher reflectance than the rough Al (unpolished aluminum
alloy), while the SUS BA (bright-annealed stainless steel) has the lowest. In terms of smooth-
ness of the substrates, the SUS BA is the smoothest, the Al ECB is next, and the rough Al is the
roughest, so it seems the roughness of the substrate does not affect the total reflectance.

3.2.2. Scattering distributions

To design optical baffles, it is important to know not only the total reflectance of the black
coating but also the distribution of scattered light from it. The scattering distributions of light
were measured for these test pieces (Figs. 4 and 5). In the figures the vertical axis corresponds to
dP/dW defined in Eq. (2). During the measurements, the incident angle of light (1064 nm with
mixed polarizations) to a test piece is selected once for each measurement, and a photodiode
rotates automatically around the test piece in the plane of incidence of light; the horizontal axis
in these figures are scattered angles qs, but whose positive region corresponds to fs = 0 and
negative to fs = p . The photodiode has a 2-mm diameter, and is located 50 mm away from the
test pieces, which corresponds to a 2.2-degree angular resolution (in terms of qs). The rotational
resolution of the photodiode around the test piece is first set to 0.1 degree, but each step width
is not controlled by a closed loop with an encoder, so the stability of the resolution is not
well guaranteed to less than 1 degree. In a certain angular region during each measurement, the
photodiode shadows the test piece against the entering light, so the measured data are not correct
there; such direct back-scatterings toward the light source will be measurable with another
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à Considering these requirements, we chose 
a black Ni-plating family one for mid- to large-
size baffles.



Narrow-angle baffles (NAB)
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ø
800

At the Advanced Technology Center (ATC) in NAOJ.
Assy of the NAB and its suspension.

Installing the NAB into a chamber.



With four PDs
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NAB

Some optics for PCal
(Only for the end chambers)

View from the sapphire mirror View from the arm

Four PDs

Mirror for TCam

https://klog.icrr.u-tokyo.ac.jp/osl/?r=7197

https://klog.icrr.u-tokyo.ac.jp/osl/?r=7197
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Wide-angle baffles (WABs)
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• To be cooled down ~ 15K without IR beams

Inside: black coated

From14 m above

Cryostat 8K shield

• Over 4W input from the mirror à
heat up to ~20K or so

Design: ATC/NAOJ

Sapphire mirror



Installed in the cryostat
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WAB

Vib. Iso. for heat links

Sapphire mirror within
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Transmission monitors 
(TMS)
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透過光モニター



Transmission monitor
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QPD

2m

1.3m 0.243m 0.637m

0.194m

Beam radius
35.3mm

Beam radius
~ 0.2mm

• To detector tilt and shif of the 3 km 
optical axes

• (And monitoring the transmitted beam’s shape & power.)

TMS

Beam radius
1/10

3 km

3 km



Prototype test and Assembly 
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Prototyping.

Assembly the actual one in the clean booth, and test it

ø1100 mm



To mitigate stray-ligh noise à
vibration isolation stage
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• At the offsite, assembly and test before shipping.
• Then, ship to Kamioka.

Assembly in a large clean room 
having a crane.

Assembly and test

For X arm

For Y arm

Parts test

Digital system 
for controlling 
these.



To Kamioka
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TMS-BRT

TMS-VIS

The other parts

Light from a forklift

Arrived at the 3km end room (in the X arm).

September 2018



Installing
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Photo by K. Hasegawa



Installed: the vibration isolators
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EXTEYT
Finally, installed at EYT in this June



Installed: the optics
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EYT EXT



Green (and IR) light

Information session of KAGRA subsystems and research themes for students 
(27 May 2021) 31

Illuminated by a green (532 nm) light 
through the 3-km armà
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Ghost beam spot due to the ETMX’s wedge

ETMX’s wedge: ~0.047 deg (by Hirose-san)
Estimation from the spot positions: ~0.0456 deg
See http://klog.icrr.u-tokyo.ac.jp/osl/?r=6990

When the green laser is locked to the 3-km Xarm cavity…

Main light

http://klog.icrr.u-tokyo.ac.jp/osl/?r=6990
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Ghost beams in the center area
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6 Subsequent behaviors of the BS ghost beams 
Some readers would feel strange that this subsection on the overall situation of ghost beam in the 
other chambers put here, but I guess this subsection should be read (or revisited) just after under-
standing the BS ghost beams, so I put this here. Actually, this is along with my walking paths (flow of 
thinking) as well. For each of the other chamber, there will be dedicated sections later. In this section, I 
would like to spot on the overall behavior of each of the BS ghost beams (Fig. 5). 

 
Fig. 5 Central area of KAGRA with ghost and main ray beams. 

 
 

6.1 Antisymmetric port (SR3, SR2, and SRM) 
There are six paths of the BS ghost beams and a single path of the main beams in the antisymmetric 
(AS) port side of the BS (see Fig. 4). The main beam from the BS hits SR3, SR2, and SRM in this order, 
and the part of power in the main beam transmits SRM, while the other is reflected at the HR of SRM 
then back to BS.  
The spot size of the main beam is also modified by the mirrors. The SR3’s radius of curvature is about 
25 m (concave), while the SR2’s is about 3 m (convex). The SRM’s radius of curvature is relatively larger 
(i.e. flatter) than those numbers: about 458 m [3]. With those curvatures, the radius of the main beam 
on each mirror is about 36.7 mm, 4.3 mm, and 4.3 mm on SR3, SR2, and SRM, respectively [3] [5]. 

See JGW-E1910040
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Fig. 4  Naming of the light beams in the BS chamber

BS_GB14

 

So much ghost beams...
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See JGW-E1910040



Main Beam
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Mid-size baffles
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Drawn by N. Hirata

• To catch ghost beams in the center area (BS, PRC, SRC)
• Each a few x 10~100mW

Bill of materials

DescriptionsTitleParts No.QtyItem

 Base plate2JGW-D1910172-111

 Top beam SR2JGW-D1910172-212

 Baffle plate 60deg SR2JGW-D1910172-313

 Side support R SR3JGW-D1910199-314

 Side support L SR3JGW-D1910199-415

Hexagon Socket Head Cap Screw ISO 4762 - M4 x 8186

Hexagon socket head cap screws ISO 4762 - M4 x 1047

Hexagon socket head cap screws ISO 4762 - M5 x 1268

misumi WSX-SUS-M4X10-0.8149
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For SR2 HR side

Bill of materials

DescriptionsTitleParts No.QtyItem

 Base plate SR3JGW-D1910199-111

 Top beam SR3JGW-D1910199-212

 Side support R SR3JGW-D1910199-313

 Side support L SR3JGW-D1910199-414

 Baffle plate 60deg SR3JGW-D1910199-515

Hexagon Socket Head Cap Screw ISO 4762 - M4 x 8186

Hexagon socket head cap screws ISO 4762 - M4 x 1047

Hexagon socket head cap screws ISO 4762 - M5 x 1268

misumi WSX-SUS-M4X10-0.8149

misumi WSSS14-4-1410
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For SR3 HR side

A-A ( 1 : 5 )

B ( 1 : 2 )

Bill of materials

DescriptionsTitleParts No.QtyItem

 Top beam BS+XJGW-D1910376-111

 Side support L BSJGW-D1910376-212

 Side support R BSJGW-D1910376-313

 Baffle plate 60deg BS+X2JGW-D1910376-414

 Center plateJGW-D1910376-515

 Front barJGW-D1910376-616

 Bracket2JGW-D1910376-747

Hexagon Socket Head Cap Screw ISO 4762 - M4 x 8188

Hexagon socket head cap screws - Product grade A ISO 4762 - M4 x 1089

Hexagon socket head cap screws - Product grade A ISO 4762 - M4 x 12410

Hexagon socket head cap screws - Product grade A ISO 4762 - M5 x 101011

Hexagon socket head cap screws - Product grade A ISO 4762 - M5 x 12412
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Note that all the sliver-ish parts will be also blackened later.
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At the Advanced Technology Center (ATC) in NAOJ
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For example: SR2



Summary
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11	Mar.	2016講演者撮影
At	the	entrance	of	the	KAGRA	tunnel

• GW detector: need to organize many things to reach nice 
sensitivity.
• Auxiliary optics: essential stuffs for KAGRA to reach the final 
goal.
• Let’s detect GWs with the nicer KAGRA!!


